MATERIALS AND METHODS

123
Strains and plant sample 124 Four strains including two types of α-rhizobia (Bradyrhizobium diazoefficiens USDA 110 
146
The colony-forming unit (CFU) was calculated by O.D 600nm after 5 days in YM broth under
147
Al-stress conditions. These experiments were carried out in triplicate for each isolate.
149
Organic acids analysis 150 The isolates were grown in YM broth for 4-5 days at 28°C and their concentrations were 151 adjusted to 10 9 cells mL -1 as described by Vincent (1970 Fig. 1C-D) .
218
As Al concentration increased to 0.5 mM, a sharp decline was observed in colony density of 219 β-rhizobia ( Fig. 1C-D) . However, the response of rhizobial cells under Al-effect showed some 220 differences which indicate a form of resistance in rhizobial cells.
221
Accordingly, organic acids including malic, citric, tartaric, succinic and fumaric acid 222 produced by these cells were analyzed under Al-stress conditions as shown in formed. Furthermore, the total amount of nodules did not include nodules at first stage.
263
However, some nodules at first stage were observed under 0.5 and 1 mM Al with B. fungorum 264 VTr35 and B. diazoefficiens USDA 110, mainly at 6.8 pH, during the harvest time.
265
After 20 days, there was no synchronization on the nodulation process due to the presence 266 of nodules at the first and third stage (completely developed) at the same time under Al-stress.
267
However, the nodules were completely developed during the final observation until harvest 268 time (30 days). Under neutral conditions, Al-effect was more evidenced (Fig. 2C-2D .
269
Similarly, Al-toxicity was more pronounced under acid pH after 15 days ( Fig. 2C-D ).
270
Moreover, no plant-rhizobia interaction or effective nodules was established under high Al 271 concentration for rhizobia including R. Pusense VAF1243 and B. symbiont VG10B. In B.
272
diazoefficiens USDA 110 some ineffective nodule was developed per plant at 2 mM (Fig. 2C ).
273
Furthermore, three rhizobia-interaction with 'Enrei' were strongly interrupted, which appears 274 to be non-tolerant to Al ion concentration (Fig. 2D ). In addition, B. fungorum VTr35 
291
The length, dry weight (DW) and ARA concentration were recorded after 30 days using as groups. However, the rhizobia improved the stress response in both types of seeds compared 295 to the control (non-inoculation). Furthermore, the plant-interaction from two different rhizobia 296 (R. pusense VAF1243 and B. symbiont GV10B) was very similar and strongly affected by Al,
297
especially from 1 mM and independent of the soybean variety (Tables 3 and 4 in soybean cultivars was conferred by enhancing a specific Al-induced exudation of citrate. D r a f t 
